Intensified human activities have brought about great changes in runoff generation and convergence.
INTRODUCTION
With rapid development of economy and society, the impact of human activities on hydrological components (such as infiltration, evapotranspiration and runoff) of a river basin, in northern China, has increased over time (Bao et al. ) .
Human-induced effects mainly include changes in land use
and construction of hydraulic structures. In the hydrological cycle, the impact of land use/land cover on hydrological processes is mainly reflected in soil surface evaporation, the soil water regime and vegetation interception, thus effecting the water balance (Alaoui et al. ) . Building of water-retaining works like reservoirs and check dams (small dams built across a channel or river to counteract erosion through reducing water flow velocity), increases the surface area and then evapotranspiration increases, while surface runoff is retained. Therefore, it is essential to detect the influence of human activities on runoff generation and convergence through analysis of hydrological data (Price ).
Baseflow recession, which is an integral part of the hydrological cycle, is a continuous draining and receding process in a period with little rain (Biswal & Nagesh ) .
Changes in hydrological process caused by human interference will have a direct effect on recession flows. Recession curves can provide much information about a river basin, including aquifer features. Due to the difficulty in assessing the groundwater system directly, analysing recession curves 
CASE STUDY Study area
The Fuping river basin is located in the southern branch of 
Linear reservoir recession model
Suppose there is a linear relationship between Q and S:
where Q is the outflow from the basin (m 3 /s), S is the volume of water stored (m 3 ) and m is a recession parameter
Combined with the equation of continuity:
we get the equation of recession flow:
where Q 0 is the initial outflow from the basin (m 3 /s) when
Non-linear recession model
Suppose Q and S follow a power law relationship:
where a and b are constants.
When S is substituted into Equation (2), we get:
After the rearrangement of Equation (5), we get:
where k is the power law coefficient and α is the power law exponent.
Accuracy of the two models was evaluated by loss function (Li & Feng b) , using the formula:
where r ij is the relative errors between observed and simulated Q of the ith recession curve and the jth time period, n i is the number of observed data of the ith recession curve and n r is the number of recession curves. The less the loss function value is, the greater is the accuracy.
Variation of recession curves
The shape of a flood hydrograph is influenced by precipitation and land surface factors, such as land use and land cover (Khaleghi et al. ) . As for the shape of a flood hydrograph, the most intuitive parameter is the slope of the hydrograph within a certain period. For example, from t 2 to t 3 , the slope of the flood recession curve is as follow (Figure 3 ):
where s is the slope (m 3 s À1 h À1 ), which shows flood recession rate. Analysing the variation trend of the time series of slopes helps understanding of the changes in the shape of recession curves.
In this paper, the nonparametric Mann-Kendall test 
x i is an independent and identically distributed random variable with n samples. The expected value and variance are calculated as follows:
On a significance level of α, the null hypothesis 
RESULTS

Analysis of land use/land cover changes
Remote sensing images of land use/land cover in 1970, 1980 and 2000 are shown in Figure 4 , and the land use/land cover changes in the Fuping river basin are summarized in Table 1 .
The main land use/land cover types in Fuping were grassland and forests, which accounted for more than 90% of the total area. From 1970 to 1980, there was an obvious decrease in cultivated land with a value of 48.16%, while forests increased by 24.63% and grassland changed slightly 
Analysis of soil moisture storage capacity change
In addition to land use/land cover changes, the large number of reservoirs and check dams for soil and water conservation was another main factor related to changes in flood process.
In the Haihe river basin, research on the Zijingguan river basin (Li & Feng ) , which is close to the Fuping river basin, showed that both flood peak and volume (Table 2 ) and rainfall-runoff relation curves were fitted ( Figure 5 ). The root mean square errors before and after 1980 were 3.32 mm and 2.70 mm, respectively; in addition, average relative errors between fitted and observed runoff values were 16.18% and 17.45%, which indicated good curve fitting results.
When the whole river basin is saturated and precipitation is the same, the difference of the generated runoff before and after 1980 was 7.1 mm. As can be seen from Figure 5 , the soil moisture storage capacity after 1980 went up by 1,567.3 × 10 4 m 3 , which was more than the total capacity (591.5 × 10 4 m 3 ) of 11 small reservoirs and dams constructed before 1980 in Fuping, suggesting that other water conservation projects, such as check dams, had a significant impact on the increase of the soil moisture storage capacity.
Although errors may exist in the process of curve-fitting, the calculated results were still of great importance to show an upward trend of the soil moisture storage capacity.
Impacts on flood recession
Changes in slopes of recession curves
We calculated the slope for three different parts of the recession curves. As can be seen in water was retained, which led to the uptrend of infiltration, and consequently the recession duration was longer. found that the power law exponent α of recession curves in a basin depended on the channel network morphology and remained relatively constant while k varied greatly in different recession events. Therefore, it is more reasonable to analyse recession curves of a basin individually, which will better reflect the dynamic behaviour of recession flows. In this study, the median of α was regarded as the representative α in the Fuping river basin, and the range of k values was shown. However, the non-linear recession model used in this paper could be improved by considering Comparisons of parameters were made between recession curves before and after 1980: Q 0 went down while k and recession duration increased, and α was relatively constant. The above variations were mainly owing to the increase of forests and construction of hydraulic structures, especially small reservoirs and check dams.
